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ABSTRACT 

A  digital  data  recording  system  capable  of  recording  signals  from  various  types  of 
transducers  used  to  measure  shock  motion  is  described.  The  methods  used  to 
maximise  the  flexibility  of  the  recording  system  and  the  methodology  to  optimise  the 
data  obtained  is  explained. 
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Motion 


Executive  Summary 

Full-scale  shock  testing  of  naval  platforms  requires  many  channels  of  data  to 
characterise  the  shock  environment  to  which  the  platform  is  subjected  and  the  response 
of  the  platform  structure  and  components  to  the  induced  shock.  To  adequately  cope 
with  the  shock  testing  of  the  Minehunter  Coastal  and  the  Collins  class  submarine 
additional  acquisition  capacity  was  required.  This  requirement  was  met  by  the 
procurement  of  a  data  acquisition  system  manufactured  by  Pacific  Instruments  Inc. 
based  in  California,  USA 

Modifications  to  the  acquisition  system  have  made  the  system  very  versatile  and 
methodologies  developed  have  maximised  the  usefulness  of  data  acquired.  The  system 
complements  MPD's  high-speed  shock  measurement  capability. 
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1.  Introduction 

Full-scale  shock  testing  of  naval  platforms  requires  many  channels  of  data  to 
characterise  the  shock  environment  to  which  the  platform  is  subjected  and  the  response 
of  the  platform  structure  and  components  to  the  induced  shock.  Maritime  Platforms 
Division  had  a  capacity  of  30  channels  of  high-speed  data  acquisition  suitable  for 
recording  the  shock  environment  produced  by  underwater  detonations  and  shock 
induced  motion.  To  adequately  cope  with  the  shock  testing  of  the  Minehunter  Coastal 
and  the  Collins  class  submarine  additional  capacity  was  required.  This  requirement 
was  met  by  the  procurement  of  a  data  acquisition  system  manufactured  by  Pacific 
Instruments  Inc.  based  in  California,  USA. 

The  requirement  for  the  data  acquisition  system  included  the  ability  to  record  data 
from  different  types  of  transducers  without  the  need  for  additional  hardware,  to  record 
data  in  a  manner  easily  analysed,  and  to  be  synchronised  with  other  instrumentation 
and  the  explosives  firing  systems. 

This  paper  describes  the  data  acquisition  system  procured,  the  modifications 
implemented  to  optimise  it's  capabilities  and  flexibility  and  the  methodology 
employed  during  the  shock  trials  to  maximise  the  usefulness  of  the  data  obtained. 


2.  System  Hardware 

2.1  The  Series  5500  Enclosure 

The  acquisition  system  procured  was  the  Pacific  Instruments,  series  5500  with  5530-3 
acquisition  modules. 

The  series  5500  enclosure  provides  for  16  channels  of  transducer  signal  acquisition.  The 
enclosure  houses  the  power  supplies  required  for  the  unit  itself  and  the  excitation  for 
the  transducers,  the  computer  interface  hardware,  all  the  connectors  for  the 
transducers  and  a  channel  control  module.  The  acquisition  modules  are  accessed  via 
the  front  panel  of  the  enclosure.  The  modules  each  consist  of  two  printed  circuit  boards 
that  slide  into  the  enclosure,  mating  with  the  motherboard. 

The  system  was  capable  of  providing  the  constant  current  excitation  required  for 
Integrated  Circuit  Piezo-electric  (ICP)  transducers  but  needed  an  additional  external 
power  supply.  The  power  supply  required  was  a  simple  current  limited  DC  supply. 
The  majority  of  the  transducers  used  with  the  system  were  ICP.  To  more  easily  cater 
for  these  transducers  a  power  supply  was  installed  within  the  enclosure. 

The  enclosure  includes  a  channel  control  module,  which  is  a  microprocessor-based 
system  that  controls  the  settings  on  the  acquisition  modules  and  the  timing  of  the  data 
acquisition  from  each  module.  These  acquisition  module  settings  are  stored  in  non¬ 
volatile  memory  on  the  channel  controller.  These  settings  are  read  by  the 
microprocessor  when  first  turned  on  and  each  acquisition  module  is  programmed  with 
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the  last  used  settings.  The  microprocessor  then  acts  on  any  subsequent  commands  sent 
to  the  channel  modules  from  the  computer. 


Channel  Module  Chcnnel 


Figure  1  Front  View  of 5500  Enclosure  Showing  Acquisition  Modules 


All  channels  sample  data  from  the  transducers  continuously.  The  channel  controller 
controls  data  flow  from  the  acquisition  modules  to  the  computer.  Data  is  acquired 
according  to  the  acquisition  sequence  programmed,  see  section  3.2.  The  maximum  data 
throughput  is  dependent  on  the  computer  interface  used,  which  in  this  case  is  the 
IEEE-488  General  Purpose  Interface  Bus  (GPIB).  It  is  possible  to  sample  all  16  modules 
at  a  maximum  sampling  rate  of  30  kHz.  Up  to  10  cards  can  be  used  at  a  maximum 
sampling  rate  of  50  kHz. 


Control  Computer  Computer 

Bus  Interface  Interface 


Input 

Connectors 


Figure  2  Rear  View  of 5500  Enclosure  Showing  Connectors 


All  connections  including  those  for  the  transducers  and  the  computer  interface  are 
located  on  the  rear  panel  of  the  enclosure.  The  connections  for  the  transducers  are  a  10- 
pin  cannon  type  connector  suitable  for  many  transducer  variations.  Predominantly 
these  units  are  used  with  either  ICP  or  Piezo-resistive  transducers  requiring  a  2-wire 
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coaxial  connection  or  a  5-wire  two  twisted-pair  shielded  connection  respectively. 
Adaptor  connections  have  been  manufactured  as  shown  in  Figure  3. 


Figure  3  Connection  Adaptors 


2.2  The  5530-3  Channel  Modules 

A  large  range  of  acquisition  modules  was  available.  Channel  modules  5530-3  were 
chosen. 

Each  5530-3  acquisition  module  contains  the  entire  signal  processing  elements  needed 
to  support  one  channel  of  data.  It  provides  excitation  for  the  transducer,  either  constant 
current  or  constant  voltage,  signal  amplification,  analogue  filtering  (low  pass),  and 
analogue  to  digital  conversion.  Transducer  types  including  V4,  Vi  and  full  resistive 
bridges,  strain  gauges,  potentiometers,  RTD's,  and  piezo-electric  can  be  accommodated 
as  well  as  simple  voltage  signals. 

The  modules  have  selectable  gains  from  1  to  1000,  selectable  six-pole  anti-aliasing 
filters  with  cut-off  frequencies  of  625,  1250,  2500  and  5000  Hz  and  a  broadband 
frequency  response  of  10  kHz.  The  module  has  a  16-bit  analogue  to  digital  converter 
with  a  maximum  conversion  frequency  of  50  kHz.  Automated  features  include  the 
balancing  of  the  channel  when  the  unit  is  initially  turned  on  and  whenever  gain  or 
filter  settings  are  programmed. 

Figure  4  shows  one  side  of  the  acquisition  module.  The  small  switches  shown  in  the 
picture  are  the  result  of  modifications  to  allow  the  quick  re-configuration  of  the  cards 
for  differing  requirements.  Prior  to  these  modifications  solder  links  had  to  be  installed 
or  removed  to  appropriately  configure  the  card  for  the  transducer  type  used.  Figure  4 
shows  a  quick  reference  guide  to  the  switch  settings  for  different  transducer  types. 
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Figure  4  Channel  Module  Showing  Additional  Switches 


3.  Software  Control 


The  acquisition  system  is  controlled  using  a  personal  computer.  Proprietary  software 
provides  the  user  interface  with  communications  between  the  computer  and  the 
acquisition  system  utilising  the  GPIB.  The  software  is  MS  Windows  compatible. 
Numerous  dialogue  boxes  are  available  but  the  main  ones  are  described  below.  The 
configurations  are  selected  by  simply  pointing  and  clicking  the  computer  mouse  on  the 
appropriate  buttons,  check  boxes  and  drop  down  boxes. 


3.1  Acquisition  Module 

Figure  5  shows  the  dialogue  box  that  allows  the  operator  to  configure  the  acquisition 
module.  All  available  software  programmable  module  settings  are  programmed  using 
this  dialogue  box.  Some  entries  are  simply  text  descriptors.  The  name  entered  is  used 
as  the  name  of  the  file  when  data  files  are  created.  Critical  settings  such  as  the 
transducer  sensitivity  and  the  selected  gain  are  used  to  calculate  the  value  of  the  stored 
data  in  engineering  units. 
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Type  1 5530-3 
Name  I  Time  Zero 


J  Microsoft  Access 
|  Retrieve  |  Save 

Units  |V 


Description  Time  Zero  Pulse  Record 


Location  FromDPG 


Sensitivity  1.0000  Filter  5000 

1  per  mV  1 

Offset  10.0000  V  Gain  fi 


j  rZero&  Balance -  - 

— I  j  C  Enable  Autobalance  W  Enable  Zero 
ie  [  |  f"^  External  Auto  Zero  For  AC  Coupling 

—  j- Variable  Gain^ - - - - — 

.....  j  P  Enable  Variable  Gain 

|  Variable  Gain  [222000 

-  ,•  Excitation  Supply  . — . . . — - 

r  Enable  Excitation  Supply 
|  C  Excitation  Voltage  (V)  [To  jj] 

j  <•  Excitation  Current  (mA)  [25  •*[ 


-Alarms  And  Warnings 
Good  ■■  I  Alarm  Above 
[8000.0000  V 

Alarm  —  1  D  ... 


Alarm  Below 
1-8000.000  V 


Wain  Above 

|eooo'oooo 

Warn  Below 
1-6000.000 


Clone  |  Download  Channel  j 
LOG  |  Download  Scanned) 
Calibration  Information  | 


Figure  5  Acquisition  Module  Configuration  Dialogue  Box 


3.2  Acquisition  Rate 

Each  channel  of  data  can  be  sampled  at  different  rates,  although  in  most  applications 
data  are  acquired  at  the  same  rate  for  all  channels.  Figure  6  shows  the  dialogue  box 
through  which  the  channels  required  are  selected  along  with  the  required  acquisition 
rates. 
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6—  0  Time  0 

!  I . Si  SI 
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0  Time  1 
ttl~  ©  Time  2 
S  --  ©  Time  3 
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cm  so 

-  ©  St 

-  ©  52 

-  ©  S3 

-  ©  54 
'  ©  55 

©  SB 

■raejj|A33  45308 
rS5C5lA40452S4 
TiiajjlA42  45286 
[Slf  Dl  A43  45309 


cm  A45  45310 

_ i  rSiBBl  Oian13 _ 

r  M  armtium  Plate - 1  r  Add  Channels  At- 


; - T  Channels  At  — - 

—  [1000.0000  “3  S/Sec 


□ear  Remove  Expand  Show  Rates 


Figure  6  Scan  list  dialogue  box  for  selecting  modules  and  the  acquisition  rate 
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3.3  Acquisition  Initiation 

The  system  can  be  configured  to  "record"  from  numerous  trigger  sources.  These 
include  the  software  control  panel,  a  signal  through  the  communications  port,  or  a 
level  on  one  of  the  acquisition  channels.  Recording  can  be  stopped  by  similar  signals  or 
after  a  preset  time  after  the  trigger.  These  options  are  selected  using  the  Recording 
Options  dialogue  box  shown  in  Figure  7.  The  example  shown  indicates  the  system  will 
be  initiated  from  an  external  trigger  signal  and  record  for  2  seconds. 


Recotd  T o  Disk  Initiated  By 

;  Channel  T rigger  High 
!  C  Channel  Trigger  Low 
I  C5”  [External  Trigger  HigH 
I  COM2  Run  St  Point  Ready 
Recording  Until 

i  f*  Timed  Record 
C  Control  Panel  Stop 
Channel  Trigger  High 

j 

;  After  Recording 

Return  To  Preview  (Arm) 

l  Recording  Time 

!  r - 

|  2  Seconds 


O'  Channel  Start  High 
C  Channel  Start  Low 
C  Control  Panel  Record  Button 


O'  Channel  T  rigger  Low 
O  Channel  Start  High 
O'  Channel  Start  Low 


(•  Stop  Preview  (Disarm) 


Data  Storage 
f~  Append 

r  Run  &  Point  On  COM2 


Figure  7  Recording  Options  Dialogue  Box 


3.4  Acquisition  Control 

Control  of  the  acquisition  and  the  display  of  recorded  data  utilises  a  dialogue  box 
devised  to  look  like  a  tape  recorder  control  panel  as  shown  in  Figure  8.  The  digits  in 
the  display  indicate  elapsed  time  since  the  start  of  the  recording.  When  using  a  trigger 
source  as  indicated  in  Figure  7,  the  system  has  to  be  started  or  "Armed"  using  the 
Control  Panel  by  clicking  the  preview  button  (the  horizontal  bar).  The  system  then 
acquires  data  but  does  not  store  data  until  the  trigger  signal  is  received. 
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Figure  8  Record  &  Playback  Control  Panel 


3.5  Data  Display 

Signals  can  be  viewed  on  the  computer  screen  using  various  display  types.  These 
displays  include  bar  charts,  numerical  read-outs  and  oscilloscope-style  views.  Figure  9 
shows  numerous  oscilloscope-style  displays  of  recorded  data.  Each  of  these  screens  can 
be  enlarged  to  the  full  screen  size  for  detailed  viewing. 


Figure  9  Oscilloscope-Style  Display  of  Data 

3.6  Data  Manipulation 

After  recording,  the  data  can  be  converted  to  a  number  of  different  data  formats 
including  ASCII.  The  ASCII  file  header  shown  in  Figure  10  lists  various  parameters, 
which  are  entries  in  the  acquisition  module  configuration  dialogue  box,  and  then  the 
data  in  two  columns:  time  and  acquired  data  in  engineering  units.  This  enables 
detailed  analysis  using  software  packages  such  as  Origin  ®. 
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Datafile  for  Channel 

0  Test:  c : \pi660\si5-98\iml (17 ) tension\iml (17 ) 

tension. tst 

Name:  SI 

Units:  uE 

"Description:  Strain 

Gauge  1,  IM1(17)" 

Location: 

Gain:  200.0000 

Filter  Cutoff  (Hz) : 

625.0000 

TIME: ::::::::::::::: 

: : : DATA : :::::::::::::: 

0 

23.456716 

0.1 

23.456716 

0.2 

23.456716 

0.3 

23.456716 

0.4 

18.763134 

0.5 

18.763134 

Figure  10  Header  and  beginning  of  data  from  an  ASCII  data  file 


4.  Calibration 


Maritime  Platform  Division's  shock  and  shock  motion  transducers  are  routinely 
calibrated  with  reference  to  NATA  standards.  The  calibration  of  the  acquisition 
systems  is  routinely  conducted  to  ensure  that  measurements  are  traceable  to  NATA 
standards.  There  are  two  types  of  calibration  used  with  this  acquisition  system. 


4.1  Voltage  Calibration 

When  commercial  transducers  are  used  to  measure  physical  properties,  the  transducers 
are  calibrated  using  prescribed  equipment  and  procedures  that  ensure  the  sensitivity  of 
the  transducer  is  accurately  known.  These  procedures  are  documented 
elsewhere.  [1,2,3] 

The  calibration  of  the  acquisition  system  is  accomplished  using  a  NATA  certified  AC 
voltage  source  and  acquiring  data  using  each  acquisition  module  configured  for  each 
of  its  selectable  gain  settings.  The  channel  modules  have  proven  to  be  very  reliable  and 
accurate  with  acquired  data  being  within  one-half  of  a  percent  of  the  calculated  values 
over  the  whole  range  of  gains. 

This  calibration  process  is  regularly  conducted,  at  least  every  year,  and  before  any 
large  or  significant  data  acquisition  task.  To  date  the  accuracy  of  the  modules  has  been 
very  consistent. 
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4.2  Resistive  Shunt  Calibration 

Strain  data  is  acquired  using  this  system.  Due  to  the  inherent  properties  of  strain 
gauges  and  the  Whetstone  Bridge  completion  circuits  the  most  appropriate  method  of 
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calibrating  for  strain  measurements  is  to  calibrate  the  whole  system  in  situ  prior  to  the 
data  acquisition.  To  accomplish  this  the  Whetstone  Bridge  has  a  shunt  resistor 
connected  across  one  arm  of  the  bridge.  A  shunt  resistor  is  a  very  accurate  resistor  of 
known  resistance  and  the  connection  generates  a  signal  with  an  equivalent  strain 
calculated  using  the  resistance  values.  The  software  for  the  Pacific  Instruments  system 
has  routines  specifically  for  this  purpose.  The  simplest  calibration  is  performed  by 
acquiring  data  with  no  shunt  resistor  to  establish  a  zero  level  and  then  connecting  a 
shunt  resistor  over  one  leg  of  the  Whetstone  Bridge  and  acquiring  more  data. 
Variations  include  repeating  the  process  a  number  of  times  or  using  a  number  of 
different  shunt  resistances.  The  data  acquired  during  this  process  is  then  used  to 
calculate  the  sensitivity  for  the  whole  acquisition  system  consisting  of  the  strain  gauge 
the  Whetstone  Bridge  and  the  acquisition  module. 


5.  Operational  Use 

5.1  Operational  Philosophy 

The  Pacific  Instruments  acquisition  system  provides  a  capability  to  record  some  shock- 
induced  motion  of  platforms  and  equipment.  It  does  not  have  the  bandwidth  suitable 
for  the  characterisation  of  shock  environments  in  water  or  air  nor  does  it  have  the 
bandwidth  for  acquisition  of  shock  waves  in  materials.  Other  acquisition  systems  are 
used  for  these  purposes.  The  Pacific  Instruments  system  is,  however,  a  flexible 
acquisition  system  that  complements  acquisition  systems  capable  of  characterising  the 
shock  environment.  Utilising  two  systems  with  different  acquisition  rates  in  concert 
provides  a  powerful  capability  in  recording  the  shock  environment  and  shock-induced 
motion. 


5.2  Triggering  and  Time  Correlation 

Maritime  Platform  Division  utilises  electronic  units  called  delay  pulse  generators  to 
synchronise  instrumentation  and  explosive  initiation.  These  units  provide  numerous 
electronic  signals  at  selectable  delays  with  accuracy  better  than  1  microsecond. 

Many  digital  data  acquisition  systems  have  accurate  trigger  systems  that  can  be  used  to 
synchronise  the  data  acquired  with  external  events.  The  Pacific  Instruments  system 
does  not.  There  is  no  accurate  time  correlation  between  a  signal  received  on  the 
external  trigger  connection  and  the  data  acquired.  When  using  the  Pacific  Instruments 
system  for  shock  work  where  time  correlation  is  required  the  system  is  normally 
triggered  half  a  second  before  the  detonation  and  one  of  the  acquisition  modules  is 
used  to  record  a  time  signal  coincident  with  the  detonation  of  the  explosives.  This  is  a 
compromise  between  having  accurate  time  referenced  data  and  reducing  the  number 
of  data  channels  to  15  for  each  system.  The  15  channels  of  data  subsequently  have  the 
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time  data  corrected  so  as  zero  time  in  the  data  file  is  when  the  explosives  were 
detonated. 


6.  Conclusion 


The  procurement  of  the  Pacific  Instruments  system  increased  Maritime  Platform 
Division's  shock  motion  measurement  capability.  The  modifications  have  made  the 
acquisition  system  very  versatile  and  methods  used  maximise  the  usefulness  of  the 
data  acquired.  The  system  complements  the  high-speed  shock  measurement  capability. 
When  used  together  they  permit  the  recording  of  up  to  60  channels  of  shock  data. 
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